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1.
Historioal
The alcohols containing the trichloromethyl- group have- 
been an object of study since at least 1881, when ¥illgerodt 
recorded his studies on chlcrotone in the-German journal-, 
Berichte der deutschen- Ghemischen Gesellschaft■ Prom that 
time on considerable interest has been shown in these tri— 
chloromethyl alcohols. The work done on these compounds has 
been in their various methods of preparation and their use-*
The greatest.value of these alcohols lies in their application 
as a medicine.
In the preparation of tnese trichloromethyl earbinols 
a number of methods have been employed. The procedures most 
extensively used are the condensation of chloroform with- a 
ketone or aldehyde in the presence of potassium hydroxide, 
and the condensation of chloral with an alkyl magnesium- hal­
ide; while the reduction reaction of chloral in a secondary 
alcohol with aluminum ethylate, aluminum alcoholate, or an 
aluminum halogen alcoholate, and the fermentation of sugar 
in the presence of chloral have each given satisfactory re­
sults.
Compounds containing the trichloromethyl and carbinol 
groups have been prepared in both the aliphatic and aromatic 
series as is shown by the fact that lesults have been re­
corded in the straight chain hydrocarbons from Gg to Gg, with 
the exception of Gg and G7 . The latter has been prepared 
but not published. While in the ring compounds trichloro-
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methyl-benzyl carbinol^^^trichloromethyl-furan caxbinolî’̂
15and trichloromethy1-phenyl carbinol have* been prepared and 
studied by J. W. Howard. Trichloromethy1-cyclohexyl car­
binol has been prepared but not recorded.
The medicinal value of these compounds lies in their 
antiseptic, anti spasmodic, hypnotic, and- anesthetic prop­
erties, as has been sho?m in many experiments.
Beginning with trichloroethanol, which is the simplest 
trichloro alcohol recorded- in the literature, one finds 
that it has been prepared from the fermentation of sugar by 
beer yeast in the presence of sodium- dibasic phosphate and
chloral, giving a seventy percent yield of the desired- a-1- 
31cohol. This compound has also been prepared by allowing 
a solution of chloral in a secondary alcohol to react'with an
saluminum alcoholate or an aluminum halogen alcoholate. R.
5Dworzak obtained this alcohol in poor yields by treating 
chloral with aluminum ethylate. In medicinal wokk on this 
trichloroethyl alcohol it was found to be one-half decomposed 
in a urine analysis taken on rabbits to which it had been 
administered^
In the pieparation of the G3H 5CI3O compounds, reference 
has been made only to the trichloro-isopropyl alcohol member 
of this group, which is commonly known under the trade name
#Hote: all references will be found in numerical order 
in the Bibliography on page 32 of this paper.
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3.
of isopral. Isopral has been prepared only by the conden­
sation of chloral with methyl magnesium halide under the
general procedure of the Grignard reaction» as is shown 
13 13by Howard and Henry in their work. This reaction» which 
is the basis for many organic reactions» is the typical 
method by which most of the compounds are made in this tri­
chloromethyl carbinol series. Isopral cannot be made by 
the condensation of chloroform and acetaldehyde in the
presence of potassium hydroxide » as was proven by J. T.
15Howard. This above reaction is the other general method 
of preparing members of this trichloromethyl carbinol 
series.
4 19Isopral is used in medicine as a hypnotic. Impens 
found that a ten percent solution of this alcohol will 
prevent the fermentation action of the yeast cell. This 
compound is prepared on a commercial scale» and has fur­
nished the basis for the first of a series of studies as 
to the effect on the physiological action by replacing the
methyl group by the trichloromethyl one. Howard and Stim-
;s 
23
13pert found as a result of their studies of the guinea pigs
that isopral is more toxic than isopropyl alcohol. Macht
proved that isopropyl alcohol was less toxic than propyl
alcohol but two times as toxic as ethyl alcohol. His
studies were made on the cat. As a comparison of the
disinfectant powers of isopral and isoprppyl. alcohol»
ISHoward and Stimpert found that isopral has about twelve
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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times the disinfectant power of the isopropyl alcohol.
This compound is also recommended as an anesthetic when
mixed with hedonal for it facilitates the completion of
anesthesia, by gas and reduces the duration of it by a
21preliminary use of these compounds. The speed by which
narcosis may be induced may be expressed as, paraldehyde
is greater than isopral in an ether solution, is greater
than urethane, is greater than ethyl alcohol. Tests
show that there is no comparison between these speeds of
22reaction and their biological action.
Of all the compounds of this trichloromethyl car­
binol series, chlorotone was the first prepared and stud-
30led. Willgerodt prepared this member in 1881 by the 
condensation of twenty-five grams of chloroform and twen­
ty-five grams of acetone in the presence of five grams of 
potassium hydroxide. He also tried sodium hydroxide 
which was found to work very slowly, and calcium hydroxide 
which failed to give the desired results in the place of 
the potassium hydroxide. Gu^dras^^has also studied chlor- 
otone^and his results conform to those of Willgerodt.
This trichloro-tertiary-butyl alcohol has also been pre-
28pared by the Grignard reaction. If. Taffe made chloro­
tone by the methods of 'v7illgerodt and Grignard, as well 
as its acetic and benzoic esters. In this G4H7CI3O 
group, the trichloromethyl-ethyl carbinol member has been 
prepared by J. W. Howard using the Grignard method with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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ethyl bromide. Reference la made to 1,1,1, trichloro,
2 , methyl propanol in the literature, but no method of
preparation was given. It is used, however, as a plas-
2ticing agent when mixed with cellulose acetate.
Of all the trichloromethyl earbinols, chlcrotone has 
the largest and most varied use. Its most outstanding 
application is in the field of medicine where it is used
17 17 14as an antiseptic, antispasmodic, brain stem hypnotic,
17and as a local anesthetic. Chlorotone and thyroxine 
injected into rabbits caused an increased diuresis in 
deep chlorotonati on, while a light chlorotonation in-
7hibited it. These above results were found after a per­
oral intake of water. In another case, the diuretic 
action of paraldehyde upon rabbits is increased by the 
denervation of the kidneys, and the inhibitory action of 
chlorotone and pituitrin upon diuresis is not affected, 
and the ability of the kidneys to concentrate salts is
only slightly decreased. Chlorotone will also inhibit
24diuresis caused by caffeine, sodium sulfate, and urea.
In work with dogs, chlorotone inhibits diuresis very 
markedly even in subhypnotic doses for fifteen to thirty 
minutes, and suffices to inhibit diureses for twenty-
3
four hours to forty-eight hours. Under its anesthetic
properties, a glycol solution of chlorotone has been
12used as an anesthetic for cats and dogs. A one-half 
cubic centimeter of the forty percent solution in glycol
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
per kilogram body weight» injected intraperitoneally*
is sufficient to maintain an animal in a satisfactory
state of anesthesia. This mixture seems to possess
all of the advantages and none of the disadvantages of
the dlder ten percent chlorotone olive oil solutions.
Another advantage claimed for chlorotone as an anes- 
27the tic is the production of a rapid and complete anes­
thesia lasting from twelve to forty-eight hours with a 
single injection of four tenths grams per kilogram body 
weight. It is easily administered» requires no atten­
tion, and gives a steady plane of anesthesia. The drug 
acts for a long time and death occurs in the above dose 
in one to three days. Recovery of the animal is pos­
sible with one-half of this dose, supplementing with 
morphine as anesthesia is desired. Jhlorotone, Waen 
used as a preservative of organic substances, is in­
jurious to the circulation by its paralyzing effect on
the heart muscles and the motor cardiac centers. A 
25chlorotone solution is also used to wash organisms from 
agar slants in the making of bacterial suspensions. There 
is no clumping of the organisms as with the tricresol 
preparations, and the anesthetic properties of chloro­
tone make the use of such a vaccine most acceptable to
25the patient. The chlorotone also preserves sterility.
Of all the C5H9GI3O compounds possible, the tri­
chloro- tertiary-amyl alcohol, the trichloromethy1-pro-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
pyl carbinol» and the trichloromethyl-isopropyl carbinol 
members have been made. The trichloro-tertiary-amyl al­
cohol was prepared by Ekeley and Klemme^by the addition of 
one molecular part of methylethyl ketone to two molecular 
parts of chloroform in the presence of powdered potassium 
hydroxide. The product was fractionated by distillation» 
dried over anhydrous sodium sulfate» and then distilled in 
vacuo. Twenty-five grams of methylethyl ketone gave eight
to ten grams of- the alcohol. The other two members» name-
16ly trichioromethyl-propyl carbinol and trichioromethyl-
17isopropyl carbinol» were prepared by J. W. Howard by means
of the Grignard reaction. Propyl bromide and isopropyl
bromide, respectively» were treated with magnesium turnings
and chloral to give the desired produits. The dichloro-
derivative of the trichloro-tertiary-amyl alcohol possesses
real therapeutic value. It was used in the World War by 
6the British as an anodyne and as a mild antiseptic when
mixed with dessicated antitetanic serum.
In the OgH^^^lgO series trichloromethyl-butyl carbinol
17ham been prepared by J . W. Howard. It was made from butyl 
bromide using the Grignard reaction.
Trichioromethyl-amyl carbinol has been made in the 
C7H13GI3O series by J. W. Howard. It has not been re­
corded in the literature as yet.
Formaldehyde, acetaldehyde» propionic, butyric, and 
isovlaeric aldehydes have been used with chloroform in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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presenoer of potassium hydroxide by J . ¥. Howard, but all
gave negative results as to the formation of the desired
15trichloromethyl earbinols*^ Ekeley and Elemme attempted 
to condensate chloroform with diethyl, dipropyl, ethyl- 
propyl, and methyl-isobutyl ketones, but all gave unsatis­
factory results^
Very few compounds containing the trichloromethyl and 
carbinol groups have been prepared in the ring or aromatic
series. Trichloromethyl-furan carbinol has been prepared
15by J . W. Howard. This alcohol was made by the condensation 
of furfural and chloroform in the presence of potassium hy­
droxide. A condensation product was formed by this same
general reaction with potassium hydroxide, benzaldehyde,
15and chloroform, giving trichloromethy1-phenyl carbinol.
20 32Jocicz studied this reaction, and Yoder states that he
prepared this compound. As no experimental data was given, 
15J. W. Howard repeated this work to find the best experi­
mental methods and the physical constants for this alcohol. 
Trichloromethyl-cyclohexal carbinol has been prepared by 
R. Browne, but as yet has not been recorded. The last 
known compound, trichloromethyl-benzyl carbinol, was prepared
by the Grignard reaction using benzyl chloride by J. W.
% 16Howard. Its acetic and benzoic esters were also made.
Two other members of the armmatic trichloromethyl car- 
binols have been attempted, namely, the condensation of 
salicylaldéhyde and chloroform by Howard^^and the conden-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9 . 6sat Ion of acetoptienone and chloroform by Ekeley and Elemme# 
Eowever^. these attempts gave unsatisfactory results#
Theoretical 
Carbinol Preparation
The method used in the preparation of trichloromethyl- 
heptyl carbinol was that of Grignard who discovered the 
process around 1900, Kis discovery of organo-magnesium 
compounds and their reaction has been of great value in 
the synthesis bf many organic compounds. A rising in­
terest is being shown in this general type of reaction 
as the amount of recorded material is being greatly in­
creased every year. This particular reaction has been 
shov/n to work in the preparation of other analogous com­
pounds in this series# The purpose of h.is study is to 
add another member to the known series ani to give its 
properties.
In the preparation of the Grignard reagent a three 
necked liter flask was used. Into the middle neck a 
mercury sealed automatic stirrir was, fitted and into the 
other necks a dropping funnel and a reflux condenser 
were fitted# All apparatus was thoroughly dried, and a 
calcium chloride tube v/as placed at the top of the reflux 
condenser to keep out any v/ater vapor from the air. In­
to the flask was placed the magnesium and an iodine crys­
tal. A mixture of absolute ether and heptyl bromide was 
introduced through the dropping funnel, and, when it was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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allowed to come in contact with the magnesium» a vigorous
reaction took place* The speed of this reaction could
be regulated by the amount of ether and heptyl bromide
added to the magnesium* The product formed is called a
Grignard reagent and is formed as follows:
H H H E H H H  H H H E H H H
H“C“G“G“C“G•”G”G**3r-f- Mg - ^ E— G—G—G—G—G—G—G —Mg— 3r #
H H E E H H H  H H H H H H H
In order to add the trichloromethyl group this above
Grignard reagent was treated with a mixture of chloral
and absolute ether* The ether was used to dilute the
chloral* Here again a vigorous reaction took place and
the speed of this reaction was regulated by the rate of
addition of the chloral. The reaction between the chloral
and the Grignard reagent may be shown as:
G1 D H H H H H H H  H H II II K H H H Ç1
Gl"Ç*"C^“t' 3r—Hg—G — G G —G — G — G—G—H  ̂H-"G — G-̂ G — G—G — G1.
G1 R H-H H H H H H  E H H K H H H Ç G l
I I
The compound resulting from the above process is 
hydrolyzed with water and a thirty percent solution of 
sulfuric acid* The speed of this reaction could also be 
regulated by the rate of.addition of acid and water* This 
last reaction gives the desired product, trichloromethyl- 
heptyl carbinol.
E H H H H H H H H l  H H H H H H H H G l
H»G*“G”*G“G*”G“'G“’G “G” Ç G1 -f— E“*0“H — ^ H— G — G"G—G—G—G—G"G—G—G1 /— 
H H H H E H H Û G 1  H H H H H H H O G l
Mg H
Br /OH
Mg, *
Br
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At the end of the above process there were two separate 
layers in the liter flask» a top dark brown ether layer, 
and a water and acid layer below. These two layers were 
separated by means of a separatory funnel, t^e ether 
layer being saved. This mixture was washed with iistilled 
water, a solution of sodium carbonate, sodium bisulfite, 
and then rewashed with water. The ether solution was 
allowed to dry over anhydrous sodium sulfate. The ether 
was distilled from the c-^rbinol mixture, and the resulting 
product w.as distilled under a reduced pressure of between 
seven and fifteen millimeters. All fractions were saved 
from the temperature of the Icwest boiling one up to the 
temperature at which the remaining 1 iquid in the flask 
began to decompose. In all trials a tazly residue was 
left in the fla.sk,
hr cm the above frrcticnal distillation under reduced 
pressure, a number of samples were obtained. In order 
to find the fraction containing the compound sought, the 
chlorine content of each sample collected was analyzed 
by the Garius method. Trichlcromethyl-heptyl carbinol
contains 42.97 percent chlorine by weight, Samples 
were collected that had a chlorine content which was in 
close ccnfdrmit^, to this figure. In order to be sure 
that these fractions contained the trichloromethyl-heptyl 
carbinol sought, an ester was prepared and its chlorine 
content was determined by the Garius method also. The
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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normal butyric ester of trichloromethyl-heptyl carbinol 
has a chlorine content of 33.50 percent by ’veight. Re­
sults in the ester analysis proved that the ester sought 
was prepared, and that trichloromethyl-heptyl carbinol 
vvas the basis for this latter compound.
Ester Preparation 
In the preparation of the normal butyric ester of 
trichloromethy1-hep tyl carbinol, the alcohol was refluxed 
with butyric acid chloride. This reaction may be shown 
as,
H H H H E H H H Cl E H H ,0
E—C—C—C—C—C —C—C —C—G —Cl —I— E—C—C—C—C/ ------- ^
H H H H K H R 0 Cl E E H 'Cl
E
Trichloromethyl-heptyl carbinol Butyric acid chloride
E H E H H H H 
R—G—G—C—G—G—G—G —S 
S H E  I h H E H H H
E-Gl -h E-G-C-G-C-G-G-H 
H H H 'O I
Gl-G-Cl
Cl
Eormal butyric ester of trichloromethyl-heptyl carbinol
Garius Method
The Garius method used in the determination of halogens 
consists of heating the compound containing the halogen 
with concentrated nitric acid and silver nitrate under pres­
sure in sealed glass tubes. The amount of silver halide 
formed is estimated by gravometric means using a Gooch 
crucible. This determination is carried out in sealed
tubes made of thick-walled special glass* One end of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the tube is sealed in such a manner- as to give a round-blunt- 
end* The tube, or bomb,- is then thoroughly- washed and dried-* 
Into the bomb is placed about one and- one-half grams-of-sil-yer 
nitrate crystals,- and from one and-one-half-to two cubic-cen­
timeters of concentrated,- halogen-free nitric acid* - This 
acid is introduced by means of a long pipette- so- that no- 
drops of acid are allowed to c-ome in contact with- the- upper
part of the tube* Any acid in the top part of -the tube- will
cause it to crack in the subsequent sealing-* - The compound to 
be analyzed for its halogen content is now- weighed into a- 
small sodium decomposition tube* This tube is then intro­
duced into the bomb in such a manner that it slides slowly 
down the inner surface until it reaches the- bottom. - The 
open end of the bomb is now sealed off in the form-of a-thick- 
walled capillary. During this sealing it- is imperative 
that the contents .of the bomb are not mixed, as a gas-
wili be formed which will hinder the sealing operation*
In order to check the halogen content of each fraction, 
three determinations on each were run. These tubes are 
then wrapped in heavy paper to insure even heating and 
placed in a bomb furnace. They are heated from 225° to 
250° C* for four hours. After the furnace has cooled, 
the tubes are opened while still in the oven. The cap­
illary ends of the tubes are heated and the internal
pressure, formed by the reaction, blows a small hole in
the tip. The bombs can then be safely removed from the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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furnacor and a hole made in them large enough to allow 
the precipitate of silver halide and the sodium decompo­
sition tube to be removed. The contents of the Garius 
tube are washed into a beaker by means of distilled water* 
The tubes are washed until all the silver halide has been 
removed. The sodium decomposition tube is removed from 
the beaker and washed free of any clinging precipitate.
The contents of the beaker are boiled and the lumps of 
silver halide are broken up to insure that all the silver 
nitrate will go into solution. The contents of the 
beaker are allowed to cool, and then washed into a Gooch 
crucible with distilled water. The precipitate left in 
the crucible is washed until the filtrate shows that no 
silver nitrate remains when tested with hydrochloric 
acid. The Gooch crucibles are put into an oveh for an 
hour to dry, allowed to cool in a dessicator, and then 
weighed. The percentage of halide in the sample used 
may be calculated from its weight and the weight of the 
silver halide found.
Yields
The yields in all cases were very poor due to ex­
perimental methods and due to the probability of a num­
ber of side reactions. A great deal of work has been 
done on the Grignard reagent as to the factors which 
affect the yield. H. Gilman^^who has done extensive
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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work i» this field» reports that increased yields are 
found with proper temperature control» extensive stir­
ring» and the use of small amounts of ether as a dilu­
tant; also» the faster the addition of the alkyl halide» 
the lower the yield» and the finer the magnesium» the 
greater the yield. He also states that the odd-numbered 
carbon chains give lower yields than the even-numbered
carbon ones just above them in the same series. Gil- 
g
man has also proved that the following reaction takes
place in the G-rignard solutions
2 R-Mg-X  —  ̂ R2Îig + Mg-Xg»
or» as in the case at hand»
H H H H H H H  H H H H H H H  H H H H H H H
2 H—G—G—G—0 — G—G — 0—Hg—Br — ^ H—G —G—G—C —G —G —G—Mg—G—0—G —G—G—h—G—H
H H H H H H H  H H H H H u H H H H H H H H
+ llg-Br^*
There are a great number of other possible side reactions 
as »
H H H H H H H  01  JD H H H H H  H H G I D
H-G-G-G-G-G-G-G-Mg-Br + Gl-C-c( -— > H-G-G-G-G-G-G-G-G-C( 4-
H H H H H H H  G I K  H H H H H H H  Cl H
Cl
H H H H H H H  Gl/0 H H H H H H H
H—G—G—G—G—C —G—G—Ç— —j- H—G —C—G—G—G—G —G—Mg—Br ------ ^
H H H H H H H  Gl'k H H H H H H H
H H H H H H H  H— G—G—G —G—G—G—G»
H H H H H H H\ G1^0 Br
V-G^ 4- Mg .
H H H K H II h /  ^H *^1
.— C—G—G—G—G—G — CH
H H H H H H H
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H H H. H H H H 
H-G-G-G-C-G-G-Cn
H H H H H H h \ ,G1 0 H H H H H H H
G-C^ -f- H-G-G-G-C-G-G-G-Mg-Br H H H H H H H /  H H H H H H H H«̂nr Q «» Q «p Q w Q V Q Q «K Q
H H H H H H H
k
/Br 
Mg , 
G1
H H H H H H H  
H-C-G-G-C-G-G-C^
H H H H H H H '
H H H H H H H  
H”G“C“G**C‘“C“G“*G“
H H H H H H H
H H H H H H H .
e -c -g -c -g -g -g -g'
H H H H H H H
If there ia any unchanged magnesium left in the Grignard 
solution, the magnesium when treated with the thirty percent 
sulfuric acid will liberate hydrogen as,
H 2 SO 4  -f- Mg ---  ̂ Mg SO 4  -j- Hg #
This free hydrogen may react with the trichloromethyl-heptyl 
carbinol as follows:
E H H H E H H H  Cl 
H—G—C—C—G—G—G—G—G — G — G1 + H 2  
H H H H H H H O G l
H
H H H H H H H  H E  
E_G.G-C-G-G-G-G-G-G-G14- H Gl.
H H H H H H H 0 Gl
H H H H H H H  H HH H  H H H H H H H  
H-G-G-G-G-G-C-G-C-G-Cl -h H n  >H-G-G-G-G-C-G-G-G-G-Gl-f- H Gl,
h h h h h h h q c i  h h h h h h h o h
H9H
H H H H H H H H H  
H —G—G—G —C—G —G—G—C — G—Gl ~j~ Ho 
H H H H H H H O H
H
H H H H H H H H H  
H-G-G-C-G-G-G-G-G-G-H -h h  Gl
H H H H H  H H e H
6
It was found from experiment that when the Grignard solu­
tion was decanted from the unchanged magnesium, greater yields
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were obtained.
If the apparatus had not been absolutely dry, the water 
might have reacted with the chloral to give chloral hydrate, 
which in turn might react with the free hydrogen generated to
Gl H 
give Gl-G-G-OH.
Gl ̂
Gl ^ 0  Gl .OH Ç1 H
G1“G”C. “h HOH ----Gl—G — G—H Hp  Gl—C—G—O H ,-4-
 ̂ 01 'h ^  0 1  'OH ^ Ô1 H
9- 'Gilman suggests R-Mg-X—  ̂R— h rMg-X as a reaction.
These two products may react v/i th free hydrogen to give a 
result as,
H H H E H H H  H H H E H H H /Br
H-G-G-G-C-C-G-G-Mg-Br— ^ H-C-G-G-G-G-G-G f- Mg
H H H E H H H  H H H H H H H  \
H H H H H H H  /Br H H H H H H H  Br
H-G-G-G-G-C-G-G—  -fMg +  Hp --- > E-G-C-C-G-G-G-G-H-hMg .
H H H H H H H  \ H H H H H H H  H
The Grignard solution of heptyl-magnesium-bromide can re­
act with another molecule of heptyl bromide to give
H H H H H H H  H H H H H H H
H —G—G—G—C—G —C — C—M g —Br H—G—G—C—G—C—G —C—B r ---------- ^
H H H H H H H  H H H H H H H
h h 'h h h h h h h h h h h h
H— G—G—C —G—G—G—G—G—G—G—G—G—G—G—H — MgBr ̂ *
h h h h h h h h e k h h h h
Experimental
Materials.
For the success of the experiment it is necessary to 
have all materials and apparatus thoroughly dry.
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The alkyl radical in the trichloromethyl-heptyl car­
binol wag obtained from heptyl bromide* This heptyl bro­
mide was'acquired from the University of Illinois through 
the courtesy of Dr. Puson.
The magnesium used in the first four proctals was in 
the form of turnings which had been cleaned with alcohol 
and then washed twice with ether. The turnings were dried 
in an oven and kept in a dessicator until used.
A b s o lu t e  e t h e r  was p r e p a r e d  by a l l o w i n g  c o m m e rc ia l  e t h e r
to remain over granular calcium chloride over night ?he
ether was separated from the calcium chloride and distilled 
over phosphorus penta-cxide. This distillate was collected 
in a flask containing freshly cut metallic sodium which 
would remove any possible remaining water,
Chloral was always freshly prepared before being used. 
This chloral was prepared by distilling chloral hydrate over 
concentrated sulfuric acid.
The iodine, sodium carbonate, sodium bisulfite, an­
hydrous sodium sulfate, and sulfuric acid used, were of 
high chemical purity.
P ro to c o ls  •
PrcbocftL 1. In the preparation of the Grignard reagent, 
six grams of magnesium turnings and an iodine crystal were 
placed in the liter flask. To this a mixture of forty- 
five grams of heptyl bromide in forty cubic centimeters of 
absolute ether was slowly added through the dropping funnel.
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About forty-five minutes were required for the addition of 
the alkyl halide and ether mixture. The resulting Grignard 
reagent was stirred occasionally during an hour of reflux- 
ing> and then allowed to stand over night. At the end of 
this process there was some unchanged magnesium and a finite 
precipitate at the bottom of the flask, and a. muddy appear­
ing layer on the top. The next day thirty-seven grems of 
chloral in seventy-five cubic Centimeters of absolute ether 
were added tnrough the dropping funnel over a period of one 
hour. The speed of this reaction was regulated by the rate 
of addition of the chloral ether mixture. The solution in 
the flask w? s refluxed for anotlier hour with occasional stir­
ring, and allowed to stand ovc,r night. A hard crust was 
formed in the flask on standing. To th.o -fixture in the 
flask distilled water w"c slGwly added u;h:il no further action 
was noted. The crust vvas changed into a heavy, dark brown, 
jelly-like precipitate by the action of the water. The 
speed of this reaction could also be regulated by the rate 
of addition. The solids left in the mixture were dissolved 
with a thirty percent solution of sulfuric acid. The acid 
was slowly added until no further reaction took plRce. At 
this time there were two esperate layers in the flask, a 
lower water and acid one, and a ton lag'sr of ether contain­
ing the carbinol, which was saved. These tvro layers were 
separated by mea.ns of a separatory funnel. This ether 
layer was v/ashed in turn with distilled water, a saturated
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solation of sodium carbonate, a saturated solution of 
sodium bisulfite, and then rewashed with water. The car­
binol mixture was dried for twelve hours over anhydrous 
sodium sulfate- The purpose of the sodium carbonate is 
to neutralize any sulfuric acid that nay be left in the 
mixture. The sodium bisulfite .vas used to remove any re­
maining chloral. The last water wi-shing was to i emove any 
of the two salts v.hich might have remained. This purified 
ether mixture vvas transferred to a Glaisen di stilling* flask 
and the ether was removed by distillation. The remaining 
liquid in the Glaisen flask was fractionally distilled un­
der reduced pressure. During this process glass tubes - 
and beads were placed in the distilling flask as- a precau­
tion against frothing. At the end of the distillation a 
tarry residue remained in the flask. This was discarded-. • 
The mixture in the Glaisen flask was divided into the follow­
ing fractions:
îTumber Temperature Greatest Yield Pressure
1. 51-70° C. 8  mm.
2 . 70-80° G. 74-75° G. a mm .
3. 80-109° C. 106° G. 10.5 mm.
4. 109-120° G. 118° G. 9 mm.
5. 120-140° G. 127° G. 9 mm.
Above 140 G . the tarry residue began to decompose. 
The chlorine content of fraction number four was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2 1 .
analyzed by the Garius method. Humber four oho sen
because it contained the largest amount of distillate. 
This sample ga,ve in percentage of chlorine:
Humber Percentage Pound Percenta-ge Galculo-ted
1 . 39.25
2 . 41.26 42.97
3 . 41.15
The results from prcfcocai one were promising» sc Lne 
quantities of the re- ctisubsf^^-.nces «.ere incieaaed» a.s- 
insuf ficieriT: racerial was obtained to f orm a working body.
rrcfcçcoi 2. In this run fifteen grams of magnesium 
turnings were tre-..bel with nine :,y grams _ f hep cy 1  bromide 
in eignty cubic centimeters of aosolute cher. The hept^'l 
bromide and ether were slowly added to t e megnc siurn over a 
period of one hour. This mixture vas refluxed for four noura 
and allowed to stand over night. A v/nite precipitate was 
formed as before. The following day seventy-fcur grams of 
Cillerai in one hundred and fifty cubic centimeters of abso­
lute ether were slowly added. The speed of tiis reaction 
was regulated as in protocol une. This mi:*.tuie was refluxed 
for three hours and all -, ed to stand over night. As before 
3- neavy» jelly-like precipitate was formed by the action of 
the distilled water. This water was added until no further 
o-Cuion was noted» and the mixture was tnen treated with the 
tairty percent solution of sulfuric acid. The mixture was
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separated and the ether layer was washed, treated with 
sodium carbonate, sodium bisulfite, rswashed with water, 
?,nd then allowed to dry over anhydrous sodium sulfate.
It v.’p.s fracticnated, and the residue was discarded. The 
chlorine content of the fraction between 1 1 2 ° and 123° 3 , 
was analyzed. The carbinol solution wus divided into utie 
fcllowiiT fractions:
'Jur.be r Tempe I'a tur 3 Oreate at Yield Pi'c ssure
1 . ' 55.70° C. 57° . 13 mm.
2 . 70-30° a. 13 mm.
3 . 30-100° 0 39-02° rr 13 m m .
4. 1 0 0 - 1 1 2 ° 0 107° 15 mm.
5 . 112-123° 3 I2 I — 1 u n 15 mm.
6 . 123-133° C • 15 mm.
Above 133° J. the tarry residue beian to decompose. 
Carius determinations weie run on fraction number five 
hand gave the following percenc.-^es of cnlcrine:
Trial Percentage Pound Percentage dalculated
1 . 44.90
2 . 43.33
3 . 44.97 42.97
4. 44.26
There was a yield of five gr’nns in fraction five. 
At this time the fractions of prctocoLs one and two
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were combined and refractionated into the follow­
ing:
Humber Temperature Greatest Yield Pressure
1 . 70-85° G. 9 mm.
2 . 85-105° C. 9 mm.
3. 105-110° G. 108° G. 9 m m .
4. 110-117° C. 115° G. 9 mm.
5. 117-124° G. 121° G. 9 mm.
6 . 124-135® G. 1 2 1 1 9 mm.
Above 135 G. the residue began to decompose.
The chlorine content of fraction number five v/as 
determined.
Trial Percentage Pound Percentage Galculated
1 . 34.37
2 . 33.50 42.97
3. 33.62
The chlorine content of fraction number four was deter-
mined. It gave:
Trial Percentage Pound Percentage Galculated
1 . 41.92
2 . 42.96 42.97
3. 42.04
At this time the work was interrupted for three
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weeks and the chlorine content of fraction number four 
was reCheeked.
Trial Percentage Pound Percentage Calculated
1 . 40.61
2 . 39.41 42.97
' 3. 39.32
7rcm the above results the conclusion nay be araiftTi 
that the compound decomposes on standing. The freshly 
distilled fraction gave an average chlorine content of 
42.50 percent, while the fraction on standing showed an 
average chlorine concent of only 39.94 percent.
Protocol 3. At this time another carbinol mixture 
B m u e ,  hut unsatisfactory- résulta ere obtained- as 
to the finding of the desired product. The procedure 
in this trial was the same as that carried out in pro'tbcol 
two .
Protocol 4. In vie?/ of the fact that unsatisfac­
tory results were found in protocol three, a slightly 
different procedure was followed here. Pifteen grams 
of magnesium turnings with a crystal of iodine were 
placed in a liter flask. This v/u.s treated with ninety 
grams of hentyl bromide in eighty cubic centimeters of 
absolute ether. The ether and heptyl bromide were 
slov/ly added to the magnesium over a period of one ncur. 
This mixture was refluxed for four hours and allowed to
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stand over night. A %vhite precipitate was formed as 
before. The following day this mixture was adued to- 
seventy-four grains of chloral in one hundred and fifty 
cubic centimeters of absolute etaer. This was aone in 
hopes that a more complete reaction could be obtained.
As the Grignard reagent was added, tnc reaction vvnicn 
took place coul.i be f oil owed until all the reUi^ent n^d 
been added. This mixture was refluxed for three nours 
and allowed to stand over ni.:̂ ht. Tneri the ai stilled 
water was added, the hard crust in the flask was chaii,^ed 
into a Jelly-like precipitate. The contents of the 
flask v/eie removed and pressed through layers of cheese 
cloth. This removed any unchanged r .^nesium whicn would 
give Ir'-drogen when treated wi tn the • cid. The mixture 
whicn passed through the cloth was transferred into anoth­
er three-necked liter flask which was in turn connected 
to the automatic stirrir ana the reflux conaenser. as 
before a thirty percent solution of sulfuric acid was ad­
ded to remove the jelly-like substance in tne flask.
The water and ether layers were sepaiatea and treated as 
in prcfcacoL two. The carbinol mixture w ̂ s fractionated 
and tne tarry residue discarded. The following freactions 
were obtained:
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Trial Temperature Greatest Yield Pressure
1 . 30-47° C. 7 mm.
2 . 47-50° G. 7 mm.
3. 50-55° G. 7 mm.
4. 55-75° G. 7 mm.
5. 75-90° C . 7 mm.
6 . 90-104° G . 102° C. 7 mm.
7 . 104-112° G. 108° G. 7 mm.
8 . 112-115° G. 114° G. 7 mm.
9. 115-120° G. 118° G. 7 mm.
1 0 . 120-125° G. 121° G. 7 mm.
One Darius determination was run on each of tne middle 
fractions. They gave :
Fraction Analyzed Percentage of Chlorine Found
55-75° G. 52.50
90-104° G. 37.98
104-112° G. 41.90
112-115° G. 38.44
115-120° G. 30.12
120-125° G. 25.47
The chlorine analysis of the fraction boiling 
between 104 and 112° 0. gave the desired results.
In order to be sure of this figure, three other deter­
minations were run on this same sample. The chlorine
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percentages obtained were 42.63, 42.86, and 42.84.
The yield obtained in this prctocoL was still low so 
another method was tried.
Protocol 5. In place of the magnesium turnings, 
magnesium ribbon was used. 3ix grams of magnesium 
ribbon were cleaned with emery paper and put into the 
liter flask. This was treated v/ith forty-six grams • 
of lieptvl bfomide in seventy-five cubic centimeters of 
absolute ether. During the addition of the heptyl 
bromide and ether a more complete reaction was noted.
This mixture was refluxed and allowed to stand over 
night. As before a v/hite precipitate was formed.
This mixture was added to thirty-six grams of chloral 
in seventy-five cubic centimeters of .oaoiute ether.
It was refluxed and allowed to soand for twelve hours.
The remaining process was like that in protocol four.
In the fractionating, the fraction boiling between 
110*^ and 112^ C . was removed. This was analyzed by 
the Garius method and gave a chlorine content of 41.32 
and 42.10 percent. This percentage checks very closely 
with the theoretical one of 42.97. The yield in this 
prctocol was eight grams, which wa.s a large increase over 
those obtained in protocols one, two, and four.
In determining the properties of trichlorometnyl« 
heptyl carbinol aside from the bojling point and chlorine 
content, the solubility in various solvents, the spe-
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cific gravitv, and the index of refraction as well as 
the color, odor, and taste, were determined. It was 
found that the carbinol was insoluble in water, but 
soluble in acetone, benzene, carbon disulfide, carbon 
tetrachloride, chloroform, ethyl alconol, ether, and 
methyl alcohol.
The densit;r of the alcohol was determined by means 
of a specific gravity bulb. This tube, which had a 
volume of about one-half of one cubic centimeter, was 
standardized by weighing it first empty and again after 
it had been filled witn distilled water at 20^ J . The 
bulb was then dried and refilled witn tne alcohol at 
20° 0., when It we s reweighed. The \-cific gravity, 
which is eoual to the ratio of the Wc jht of the alcohol 
at 2 0 ° G. to the weight of an equal volume of water at 
the same temperature, was found to be 1.1515.
The index of refraction, which wus determined by 
means of an Abbë^ refractometer, was found to be 1.4720 
at 20.05° G .
The freshly distilled trichlorcmethyl-heptyl oaroinol 
is a very light yellow, but it turns darker on standing.
It has a bitter, oilv taste, but a p i e -.sa n t onor. The 
alcohol could not be made to crystalize out. A temper­
ature of 0 ° G . was reached in an attempt to solidify this 
com-nound.
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3ster Preparation.
The Hormal Butyric Ester of Triclilororriethyl-hep tyl 
Carbinol
In the preparation of an ester to confirm the fact 
the. t ti icnloromethyl-heptyl carbinol ,iad been prepared, 
tvfo ms of the carbinol v/ere heo ted v/i th a fifty p-^r- 
cent excess of rci'mal crtyryl chlcriie. fhis mixture
ULas re fluxed for tv;o ecu ,t -I tcroeraoure of beoween
130 arno l3o C . ani t:\en poured into b-=ah<:r of ,er.
Tais was done to to strop the excess of normal buty ry1 
chloride. To tae rûxt^r= in the beaher, oO’iium hydrox­
ide -aas n.dddd until the solution oras sli.jhtly basic.
The purpose of ohis % recess was' :o rm tae sodium s;-,l ts 
of the 6.0 ids, whioh : re insoluble  ̂. e tn^r. Tne sscer
,,,n.s ext: ̂.c t-_d ,/i t.. et:cr :ror' "ne v, : 
..shcr mixture w" s allowed to dry cm- r
_ 1 1 0 n, ana the 
■jious c.1,1 slum
chloride ne t nor .m s ui stilA.au ct i an... t n%j r c. suj.tin^
oester \.as found to boil at 113“ 3. under a reduced 
pressure of nine -il lime tors. An percent yield
of the ester wo s obtained. The clnlcrina concent of the 
normal butyric este r of ori cnlorcme thyl-ht-p tyl caibxnol 
was analyzed by die lari;..i -e^hod, and found to icni'irm 
.','i th the t..joretioal t _r centa-c c ̂ J. V .
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Trial Percentage Pound percentage Galculated
1 . 34.43 33.50
2 . 34,55
The pi’epara-tion of the propinoic ester of trichloro- 
methyl-hep tyl caroi.aol s attempted by the seme method 
as w-as used in the prepa.raticn of the outjric ester. 
Unsatisfactory resul - s .'/era obtained in this case, and 
limited r.at’̂ih,! prevents : a.ncthar attempt to make this 
c cm.. c un d.
In detai-rininh sere of the prop'erties of the butyric 
ester, the solubility,' specific gravity, a.ncl index of 
refia.cticn rrere found. The ester is iiisoluole in we.ter 
but readily soluble in acetone, bensea.., carbon disulfiae, 
C:i.rbon te trach:lor ide, chltrcform, et> „ L alconol, ether, 
o,nd r.et'ay 1  alcohol.
The density/ of the ester '.;as cleteiminad by means of 
a specific gravi tp- bulb. This vr s found to be 1.0600 
at 2 0  ̂ C.
The index of réfraction for the estez v;, s found to 
be 1.4685 at 19.6° C. This figure '<v:.s obtained by meo.ns 
of an Abbe‘S refi ■ ctome ter .
The ester is broom in color, has a oiz .et, oily 
"taste, anu ..cas the character i st ic butyric cuor. The 
product on st-mdinp becomes d m  her in color.
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Oonclusi on
Trichloromethyl-lieptyl carbinol was prepared and 
studied. Its follov/ing properties were found; 8 olor, 
a very light yellow; odor, pier 3 ant; c .soe, bitter and 
v.ilv: solubility, insoluble in water, out soluble in 
ace tone, benzene, oar icn disulfide, carbon t-..trachlcri de, 
chloroform, etnyl alconol, ether, ana m=tht 1  alcohol; 
specific gravity, 1.1515 at 10^ 3.; index of refraction, 
1.4710 c.G hO .0 5° ]. ; boiling point, llO-lll'^ 3. at 9 
millimeters pressure ; chlorine content, 41.97 percent. 
_’:ie corpound i-rcca.poses on standing. The molecular 
weight vba.ch was calc v. la ted from, th^ formula w s fou id
t o  be 2 4 7 .5 0 7 .
ihiu n 0 iTial butyric cater of til. ,.oromethyl-nep tyl 
carbinol : ;r : p a r n o  studied. .b.e following ^-rop- 
6 rtie 3 were founu; color, lignt yellow; odor, chare.cter- 
isbic butyric; taste, bitter and oily; solubility, 
insolvable in w ..ter, but soluble in uce tone, benzene, 
carocn disulfide, carbon teti-.-.chloride, onltroform, 
eti.yl a.iccnol, ether, and methyl alcohol; specific 
gravity, l.OoOC ut 00° 3.; boiling ,,oint, 118° 3. at 
9 -".illimet-^rs ^.rcssure; o.nc a chlorine content of 33.50 
vercent. The calcul-.ur,ed r'olecul-.r t;ei^*.t of the estvi' 
was -f'cunvv to be 317.555. The index of refraction was
1 . 1-15 at 10.0“ 3.
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